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@ Rubber.reinfbrced polymers of monovlnalidlne aromatio compounds having a unique balance of gloss and physical strength 
properties and a method for their preparation. 

@ A nibber-relnfbrced polymer comprising a continuous mat- 
rix phase of a polymer derived from one or more polymerlzable 
monovinylidene aromatic compounds and having discrete nibber 
particles dispersed throughout the polymer matrix with a shell/ 
core morphology and volume average particle size of from 0.1 to 
0.25 microns exhibit an excellent balance of gloss and physical 
strength properties. Specifically, the polymer product exhibits a 
gloss of 80 percent or greater over a wide range of molding 
conditions and a impact strength of at least 2 to 3 times that of 
polystyrene. 
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Title; RUBBER-REINFORCED POLYMERS OF MOyOVXNYLIDENE AROMATIC 

COMPOUNDS HAVING A UNIQUE BALANCE OF GLOSS AND PHYSICAL 
STRENGTH PROPERTIES AND A METHOD FOR THEIR PREPARATION . 

The presene inveution relates to rubber-»reinforced polymers of 
aonoviaylidene aromatic coopoimdSy particularly to rubber-reinforced 
polymers having a unique balance of gloss and physical strength 
properties, and to a method for preparing the rubber--reinforced polymer 
5 products. 

Rubber-reinforced polymers comprising a continuous matrix phase of 
a polymer of styrene having discrete particles of a cross-linked rubber, 
e.g*, polybutadiene, dispersed throughout the styrene polymer matrix 
(conventionally referred to as high impact polystyrene or HIPS) are 

10 employed in a variety of commercial applications such as packaging , 
refrigerator linings , furnitur«» domestic appliancsa and toys. 

It is often desirable that the high impact polystyrene products 
employed in many of said commercial applications possess exceptional 
gloss and/or translucency properties while exhibiting at least a minimum 

15 physical properties such as strength or. - toughness (i«e., the combination , 
of elongation and impact strength) • Specifically, it is desirable to 
prepare a high Impact polystyrene which consistently exhibits a gloss of 
80 percent or more under various molding conditions while exhibiting at 
least 2 tt> 3 times the notched impact strength of pure polystyrene. 

20 Heretofore » it has not been possible to prepare rubber-reinforced 
polystyrene products having such a desired balance of properties. 

Specifically, German Patent Application 2,613,352 discloses a 
process for preparing a high impact polystyrene which is stated to 
exhibit improved transparency and mechanical properties which 

25 substantially correspond to high impact polymers manufactured by 
conventional processes. The impact strength of these polymers is 
generally from 10 to 15 times the impact strength of polystyrene. The 
high impact polystyrenes prepared by the disclosed process comprise 
disperse rubber particles having a weight average diameter of less than 

30 one micron, preferably from 0.2 to 0.6 microns. In Che examples, the 
exemplified high impact polystyrenes are prepared having a particle size 
generally of at least 0.3 to 0.5 microns. While these exemplified 
disclosed high impact polystyrene products exhibit relatively 
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good phyelcl strength properties, they do not always exhibit the 
desired gloss. 

Alternatively. E.P. Application Ho. 0 069 792 discloses transparent 
impact resistant. styrene containing poly..rs prepared having a 

Z7^^'Z ^'"^^"^ 

«tri, in the £or» of rods or spheres having die.eters of 0.07 microns 

r:.?'"*' transparent resins exhibit exceptional gloss when 

»ixed With colorants, the phyical strengths, particularly i.p.ct 
strengths, of the products are not .efficiently high for use of the 
10 polystyrene products in many applications. 

An alternative method for preparing a high i^act. 
rubber-reinforced polystyrene consists of dispersing the rubber 
throughout the continuous polystyrene matrix as particles having two 
different si... (i.... . bi,odal particle .i«. distribution), m 
general, theee rubber-reinforced product, exhibit «^.,ior physical 
properties, particularly i,.pact atr«»th., ,«p.rlor to tho.. of a 
rubber-reinforced product containing . dispersed rubb«r ph... of a 
i^o«.d.l particle size distribution. Unfortunately, these superior 

20 r.'^""'" " "' '"^ Sloes propertlM 

20 of the rubber-reinforced product. f f 

orod T ^» «bber-relnforced polystyrene 

products toowu in the prior «rt. it r««tln. highly deelrable to provide 
a rubber-reinforced polystyrene ■ containing rubber having is^roved glo.. 
properties in co»bin.tlon with sufficient physical strength properties 
ptduci* ™g said rubber-relnforced polystyrene 

^ Accordingly. m on. aspect. the present iBv«»tioa i. . 
rubber-reinforced poly„er comprising a continuous wtri, phase of a 
30 ™.Tr " P0l7»erlsable »onovinyli..„. • 

compound, having discrete rubber particles dispersed throughout the 
Polmr tutrix. The discrete rubber particles hsvs a shell/core 
morphology and a volume average particle size from 0.1 to 0.25 microns. 

By controumg the size of the rubber particle, such that their 

35 ZiZ* '""'^^ " ^cron.. the 

rubber-reinforced product exhibics an unexpectedly surprising balance of 
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gloss and physical strength properties. Specifically, a gloss of 80 
percent or greater is exhibited by the rubber^-reinforced product over a 
vide range of molding conditions* Moreover, the notched inpact strength 
coononly exceeds the impact strength of pure polystyrene by 2 to 3 times 
5 and the elongation at break of the product is at least 5, often 10 to 15 
times the elongation at break of pure polystyrene. 

In another aspect » the present invention is a method for preparing 
the described rubber-reinforced polymer product. The method comprises 
mass polymerizing a solution of one or more polymerisable monovinylidene 

10 aromatic compounds and a rubber such that upon the phase inversion of 
the mass polymerization mixture and the subsequent sizing of the rubber, 
the rubber is formed as paz:ticles of a shell/core morphology having a 
volume average particle size of from 0.1 to 0.25 micron. 

This small particle size is achieved by bonding sufficient blocks 

15 of an aromatic polymer to the butadiene in the rubber either prior to or 
simultaneously with the mass polymerization step and by the modification 
of the polymerization mixture, e*g*» matching the viscosity of the 
rubber phase and the viscosity of the continuous matrix phase at phase 
inversion. Specifically, the ratio of the viscosities of the tvo phases 

20 can be adjusted by varying the molecular weight of the polymer of the 
monovinylidene aromatic compound(s) during the initial phases of 
polymerization, with sufficiently high molecular weight being desired 
such that upon phase inversion and subsequent sizing of the rubber, the 
rubber is readily dispersed throughout the continuous matrix phase as 

25 discrete particles having a desirably small particle size. 

Following phase inversion and the sizing of the rubber particles, 
polymerization is completed, using either mass or suspension 
polymerization techniques, and the polymerization mixture subjected to 
conditions sufficient to remove the unreacted monomers and to cross'-llnk 

30 the rubber. Specifically, using mass polymerization techniques, 
subsequent to obtaining the desired conversion, the polymerization 
mixture is subjected to conditions sufficient to remove the unreacted 
monomers and to cross-link the rubber of a shell*core morphology. 
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Due to their excellent balance of physical properties, the 
rubber-reinforced polymers of the present invention are useful in a wide 
variety of applications, particularly the injection nolding of small 
household appliances such as hair dryers, toys and furniture. The 
5 rubber-reinforced polymers are also useful in extrusion applications 
such as the preparation of a gloss layer using coextruslon techniques. 

The rubber-reinforced polymers of the present Invention are derived 
from one or more monovinylldene aromatic compounds » Representative 
monovinylidene aromatic compounds include styrene, alkyl substituted 
10 styrenes such as a -alkyl styrenes (e.g., OHDethylstyrene and o^thyl- 
styrene) and ring substituted styrenes (e.g., vinyl toluene, particu- 
larly p^vlnyltoluene, ©Tethylstyrene and 2,A-dlmethyl8tyr«ne); ring- 
substituted halo-styrenes such as chloro-styrene, 2,4-dlchloro-styrene 
and the like; and styrene substituted with both a halo and alkyl group 

15 8uch as 2-chloro-A-methylstyrene, vinyl anthracene and mixtures thereof. 
In general, the polymer matrix is preferably derived from styrene or a 
combination of styrene and a -methylstyrene (advantageously from 10 to 
50, more advantageously from 15 to 40, weight percent of the a- 
methylstyrene based on the total weight of the styrene and a -methyl 

20 styrene). Most preferably, the polymer matrix is derived from styrene. 

The rubber employed in preparing the rubber-reinforced polymers of 
the present invention is generally a homopolymer or copolymer of an 
alkadlene having a second order transition temperature of not greater 
than QOC, preferably not greater than -20OC, as determined by ASTM Test 

25 D-746-52T. Preferred alkadlenes are the 1,3-conJugated dlenes such as 
butadiene, Isoprene, plperylene, chloroprene and the like. 

Although homopolymers of the stated conjugated dlenes can be 
employed, the rubbery component of the mass polymerization mixture at 
phase inversion will comprise a relatively high amount of a polymer of a 

30 oonovlnylldene aromatic compound being chemically bonded in blocks or as 
grafted branches to the alkadlene polymer. Therefore, a copolymer of a 
conjugated dlene with a monovinylidene aromatic compound such as styrene 
is often preferred for use as the rubber In the practice of the present 
invention. Preferred of such copolymers ar.e block or graft copolymers 
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comprising at least about 55, more preferably from 65 to 85 weight 
percent, in polymerized form, of the alkadiene, preferably l.J-butadiene 
and up to 45, more preferably from 15 to 35, weight percent, in 
polymerised form, of a monovinylidene aromatic compound, preferably 
5 styrene. The preferred copolymers are block copolymers of a 
monovinylidene aromatic compound and a conjugated diene of the AB(BA)q 
configuration wherein A represents a block of polymerized monovinylidene 
aromatic compound and B is a block of polymerised conjugated diene and n 
is an integer from 0 to 5, most preferably 0. 

10 The rubber is advantageously employed in an amount such that the 

rubber^reinforeed polymer product contains sufficient amounts of the 
polymerized alkadiene such that the resulting product exhibits a desired 
balance of gloss and physical strength properties. Specifically, as the 
amounts of the polymerized alkadiene in the rubber-reinforced 

15 polystyrene product ixicrease, the physical strength also increases with 
a coincident loss in gloss properties. Although the amounts of 
polymerized alkadiene are therefore dependent on the desired properties 
of the rubber-reinforced polymer product, in general, the 
rubber-reinforced polymer product contains from 3 to 25 weight percent 

^0 of polymerized alkadiene, with from 5 to 15 weight percent of 
polymerized alkadiene, based on the total weight of the 
rubber-reinforced polymer, being preferred. 

In the rubber-reinforced polymer of the present invention, the 
rubber is dispersed throughout the polystyrene matrix as discrete 

25 particles having a monomodal size distribution with a volume average 
particle size from 0.1 to 0.25 micron and a shell-core type morphology. 
Preferably, the rubber has a volume average particle size of from 0.1 to 
0.2, more preferably from 0.15 to 0.19, micron. The indicated particle 
size (diameter) is the diameter of the particles, including all 

30 occlusions present In the disperse rubber particles of the 
rubber-reinforced polymer and is measured using conventional techniques 
such as electron microscopy techniques. 

In the practice of the present invention, the rubber-reinforced 
polymer is prepared by solubilizing the desired amount of rubber in the 

35 monovinylidene aromatic compound(s) and mass polymerizing the resulting 
solution at conditions sufficient to form rubber particles having the 
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desired particle size .nd .orphology dispersed throughout the 
polymerized o.onovl«yUdene aromatic compound. In general, continuous 
methods for mass polymerizing the monovinylidene aromatic compound In 
the moaomer/rubber solution are advantageously employed. 
5 The polymerization , Is. preferably conducted m one or more 

.ubstantially Unear stratified . flow or so-called plug-flow type 
reactors such as described, in U.S. Patent No. 2.727.884. which may or 
n«y not comprise recirculation of a portion of the partially polymerized 
product, in general, in mass polymerization processes using a plag^flow 
10 type reactor, upon initial formation of polymer the initially present 
polymer come, out of solution and form, a discontinuous phase comprising 
polymer dissolved In monomer dispersed throughout a continuous phase of 
the rubber/monomer solution. BventuaUy, .ufflci«it amount, of the 
monomer are polymerized and the discontinuou. ph... become. . contlnuou. 
15 P^" vlth the rubber forming a discontinuous phase dlsper.«l 
therethrough. Ihi. phenom«»on Is referred to as "phase inversion" which 
term mean, genernlly the convereion of the monovinyUdene aromatic 
polymer from a di.continuou. pha.. dl.per.ed in a contl««„x. phase of 

29 T ^" ~ "'"-^ ««»'^»~« or 

discontinuous phase in the polymerization mixture to a continuous 
polymer pha.e having the rubber dispersed therethrough. 

The particle size and morphology of the rubber m the final 
rubber-reinforced product are depend^t. to a significant extent, on the 
25 strT'T" Pol^erlzatlon mixture at phase inversion and 

25 shortly_ thereafter, particularly, the amount, and molecular weight of 
polymerized monovinyUdene aromatic compound chemically bound to the 
polymerized alUdiene of the rubber and the viscosities of the 
~«ovinylld«ne .rootle copolymer phase and rubbery component phase at 

30 L T"'"' ^•"-l ^ Which these polymerization 

30 ^"««l3tic. affect the rubber particle .i.e and th. morphology of 

-tilchtbtd """r' '^'"'""-^ " 

Tellchenb Idung bei der Herstellung von Kautschukmodlfiziertem 
Polystyrol by Adolf Echte, Die Angew«»dte Makromolekulare Chemie 58/59 
(1977) J pps-17 5-198. 

mo J° ,fr"'' " -orphology. the amount of 

-onovlnylidene aromatic polymer bonded to the polymerized all„.dlene 
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at or near phase Inversion (vhlch bonded nonovlnylldeae aroma tic polyner 
includes the nonovinylidene aromatic polymer originally present in the 
rubber as a block or graft and the amonnts of monovinylidene aromatic 
polyner subsequently grafted to the polymerized alkadiene during the 
polymerization process) is at least 30 percent, by weight, based on the 
5 total weight of the polymerized alkadiene and the bound polymerized 
monovinylidene aromatic compound* Although any suitable method can be 
employed to measure the amounts of this bound polymer in or grafted on 
the rubber particles at phase inversion, the amounts of the bound 
polymer are readily measured by extracting a sample of the 

10 polymerization mixttire at phase inversion and subsequently determining 
the monovinylidene aromatic polymer bound to the polymerized alkadiene 
using selective extraction techniques (e.g., first extracting the free 
polystyrene with a mixture of methyl ethyl ketone and acetone) and then 
destroying the rubber backbone of th^ residual material using OSO4 (see^ 

15 6 Locatelli and 6 Rles, Die Angew. Makrom. Chem* 26 (1972), pages 
IV'^lll)* Preferably, the amount of monovinylidene aromatic polymer 
bound to the polymerized alkadiene at phase inversion is at least 35 » 
more generally 40. weight percent based on the total weight of the 
polymerized alkadiene and the monovinylidene aromatic polymer bound 

20 thereto when the graft content is measured using the described selective 
extraction techniques. In general, of the total weight of bound 
monovinylidene aromatic polymer and the polymerized alkadiene at phase 
inversion, less than 70> more preferably less than 63, weight percent is 
the monovinylidene aromatic polymer. 

25 The rubber initially employed in the preparation of the 

rubber-reinforced product can contain these amounts of bound, 
monovinylidene aromatic polymer. In this case, it is not necessary to 
graft additional amounts of monovinylidene aromatic to the polymerizisd 
alkadiene although such additional grafting is generally preferred. 

30 Therefore, thermal polymerization (i.e., polymerization using no graft 
promoting initiator), during which little grafting occurs, can be 
conducted to form the desired particles of rubber. However, in general, 
it is necessary and/or desirable to graft amounts of the monovinylidene 
aromatic polymer to the polymerized alkadiene during the initial stage 

35 of polymerization in excess of those obtainable using conventional 
thermal polymerization techniques. In such case, an initiator capable of 
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Initiating the polynarizatlon of the monovlnylldeae arooatle eompoundCs) 
end of greftlng the polToer to the rubber is employed. Initiators 
advantageously employed herein are generally free radical type 
initiators. Representative of such initiators include the peroxide 
5 initiators swh as the peresters, e.g., tertiarybutyl perojcybenzoate and 
tertlarybutyX peroxyacetatej dibenzoyl peroxide; dilauroyl peroxide; 
1.1-bistertlarybttCyl peroxycydohexane; l,3-bi8tertlarybutyl 

peroxy-3,3,5-tnnethylcyclohexane; dicumylperoxlde; photochejilcal 
initiators and the Uke. Although the efficiency of an initiator in 
10 proDoting the polyner grafting and the initiation of polynerizatlon is 
dependent on the temperature of polyDerlratlon, and the concentrations 
of the Initiator and the rubber, the preferred initiators are generally 
dlbenaoyl peroxide, tertiarybutyl peroxybeaaoate, l.l-blstertlarybutyl 
peroxyeyclohsxane and tertiarybutyl peroxyaeetate. 
15 The concentration at which the initiator is most advantageously 

employed is dependent on the specific initiator employed, the desired 
levels of grafting and the conditions at which the mass polymerization 
Is conducted. In genestl, In the preferred process for preparing 
rubber-reinforced polynart wherein the pelymertsatioa Is conducted in 
20 one or more substantially Uneir flew or plug-flow type reactors, from 
50 to 2000, preferably from 100 to 1000, w^ghc parts of initiator are 
employed par milUon parts of the aromatic monomer. 

the particle size of the disperse rubber particles depends on the 
shearing (i.e., shearing atress' and shear rate) during phase inversion 
25 and subsequent thereto until stablUzatlon of the rubber particles; the 
greater the amount of shear, the loirer the particle size. A general 
description of the effect of shearing on particle size is found in O.S, 
Patent 3,243,481 and in Freeguard, British Polymer Journal 6 (1974), pps 
205-228. The shearing of the polymerization mixture can be achieved by 
30 any conventional manner such as by appropriate stirring devices. 

In the practice of the present invention, the shear is maintained 
such that the rubber partiaes in the rubber-reinforced product exhibit 
a volume average particle size from 0.1-0.25 microns. The shear and/or 
stirring re<iulred to achieve this particle size depends on the 
35 particular equipment employed and the characteristics of the 
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polynerlzatlon mixture and can be established by those skilled In the 
art using simple experiaentation. 

To obtain Che desirably siDall rubber particles using the lovest 
shear rates » It Is advantageous to match Che viscosities of the rubber 
5 containing phase and monovinylldene aromatic polymer phase at phase 
inversion. Specifically, it, is generally advantageous to adjust the 
molecular weight of the monovinylldene aromatic polymer so as to adjust 
the viscosity of the polymeric phase in relation to the viscosity of the 
rubber phase » e.g., by Increasing the molecular weight of the 

10 monovinylldene aromatic polymer, chereby increasing the viscosity of the 
polymeric phase to more closely match this viscosity with that of the 
rubber phase at phase inversion* . 

Although the use of an initiator will influence the molecular 
weight of the monovinylldene aromatic polymer, to obtain a polymer 

15 exhibiting a desirable molecular weight it is often necessary to modify 
one or more other polymerization conditions. For example, the amount and 
type of chain transfer agent, if any, employed prior to phase inversion 
affects the molecular weight of the resulting monovinylldene aromatic 
polymer. For example, increases in molecular, weight are obtained by 

20 reducing the concentration of the chain transfer agent in the 
polymerization system. Therefore, In many operations » polymerization is 
advantageously conducted employing a sufficiently low concentration of a 
chain transfer agent such that a ^ polymer of a desirably high molecular 
weight can be prepared* Advantageously, the initial rubber/monomer 

^5 solution contains no chain transfer agent and any chain transfer agent 
is added only after phase inversion or, if added prior to phase 
Inversion, only after sufficient amounts of the monomer have been 
polymerized. Preferably, the polymerization mixture contains no chain 
transfer agent prior to phase inversion. 

30 A dlfunctional polymerization initiator, e«g., a diperoxide, can be 

employed in combination with or as the graft promoting/polymerization 
Initiator to increase che molecular weight of the monovinylldene 
aromatic polymer In addlclon, an Increase In the molecular weight of 
the monovinylldene aromatic polymer can be achieved by reducing the 

35 temperatures of polymerization while maintaining the other 
polymerizadon conditions constant, e.gt, same concentration and 
activity of polyDerlzation Initiator. 
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since the conditions at which polymerization Is conducted are 
Interrelated, one nodiflcaelon to the polyBerlzatlon reaction will oftan 
require one or nore other oodlflcatlons to obtain the desired 
rubbar-relaforcad product. For example. . when the polymerization 
5 teaparatures prior to phase invarsloa ar. reduced so as to increase the 
molecular weight of the aromatic polymer, it is ganeraUy necessary to 
use higher polymerization temperatures following phase inversion to 
achieve the desired amounts of conversion. These Interrelationships in 
the polymerization conditions and the required modifications m the 
conditions of polymerization to obtain a desirable product are well 
kn<«m to the skilled artisan and can b« determined using simple, 
experimental tecfaaiquaa. 

In addition to the monomer, rubber and initiator, the mass 
polymerization mixture optionally, but advantageously, contains an 
15 organic Uquid reaction diluent. Raaction diluents advantageously 
amployed herein include normally liquid organic materials which form a 
solution with polymerlzable -ono.«rs • and the polymer prepared therefrom 
and which do not boil at the polymerization condition, employed. 
Representative organic liquid diluents include aromatic ava ia«:tly 
substituted aromatic hydrocarbons such aa toluene, benzene 
ethylbenzene. xylene or the like; saturated or inertly substituted, 
saturated aliphatics having .ither straight or branched chains of 5 or 
mora carbon atoms such as heptane, hexane, octane or the like; aUcycUc 
or inertly substituted aUcydic hydrocarbons having 5 or 6 carbon atom. 
25 such as cydohexane and the like. Preferred of such organic liquid 
diluents are the inertly substituted aromatics; with ethylbenzene and 
xylene being the most preferred, m general, the reaction diluent is 
-Ployed in amount, sufficient to improve reaction and viscosity control 
of the polymerization mixture. Such amounta will vary depending on the 
rubber, monomer and diluent employed; the process equipment and the 
desired degree of polymerization. In addition, some diluents such as 
ethylbenzene act. to a limited extent, as a chain transfer agent and 
this effect must be considered m determining the amounts employed, in 
general, if employed, the raaction diluent is normally employed at a 
35 concentration from 2 to 30 weight parcant based on the total weight of 
the rubber, noaomer and diluent. 
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la general, a plastlcizer or lubricanc is also often advantageously 
employed in the preparation of the- rubber-reinforced polyrners. The 
plasticizer or lubricant affects the properties of the rubber-reinforced 
polymer produce, e^g., flow and heat resistant properties, and the type 

5 and amounts of the plasticizer most advantageously employed are selected 
accordingly* Representative plastisicers ' or lubricants include 
butylstearate, mineral oil or dioctylphthalate. Mineral oil is the most 
preferred plasticizer. The plasticizer is advantageously employed in 
concentrations of up to 15 percent, preferably from 1 to 8, more 

^ preferably from 1 to 7 weight percent based on the total weight of the 
rubber-reinforced polymer product* The plasticizer can be added at any 
intermediate stage of polymerization or with the feed stream of the 
monomer/rubber solution. 

In addition, the mass polymerization mixture may advantageously 

5 contain additional materials such as an antioxidant (e.g., an alkylated 
phenol such as di-tert-butyl-p-cresol or phosphites such as trls- 
nonylphenyl phosphite) or a mold release agent , e.g., zinc stearate. The 
mold release agent, if employed. Is preferably added only after phase 
inversion. 

3 The temperatures at which the polymerization is moat advantageously 
conducted are dependent on the specific components, particularly the 
initiator, employed and will generally vary from 60^ to 190^C. In 
general, polymerization temperatures from 60^ to 160^ are employed prior 
to phase inversion with temperatures from 100^ to 190^0 being employed 

5 subsequent to phase inversion. Mass polymerization at such elevated 
temperatures is continued until the desired conversion of the monomers 
to polymer is obtained. Generally, conversion of 33 to 90, preferably 
from 60 to 85, weight percent of the monomers added to the 
polymerization (i.e., monoioer added in the feed and any additional 

3 stream, including any recycle stream) to polymer is desirable. Following 
conversion of a desired amount of monomer to polymer, the polymerization 
mixture is then subjected to conditions sufficient to cross-link the 
rubber and remove any uhreacted monomer • Such cross-linking and removal 
of unreacted monomer, as well as any reaction diluent, if employed, and 

3 other volatile materials is advantageo\isly conducted in conventional 
devolatilization techniques, such as introducing the polymerization 
mixture into a devolatilizing chamber, flashing of the 
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oononer and other volatUes at elevated tetnperatures, e.g., fron 200© to 
300^0, under vacuuo and removing chen froo the ehaober. 

As an alternative to a cputinuous nass polytoerization process to 
obtain the desired rubber-reinforced product, a combination of mass and 
5 sixspension polymerization techniques can be employed. Using said 
techniques, the polymerization mixture is polymerized in mass until 
phase inversion and subsequent size stabilization of the particles. The 
partially polymerized product can then be suspended with or without 
additional monomer in an aqueous medium which contains a polymerization 

10 initiator and the polymerization subsequently completed. The 
rubber-reinforced copolymer is subsequently separated from the aqueous 
medium by acidification, centrifugation or filtration. The recovered 
product is then washed with water and dried. 

The following examples are set forth to illustrate the advantages 

15 of the present invention and should not be construed to limit its scope. 
In the examples » all parts and percentages are by weight unless 
otherwise indicated* 

Example 1 

20 A rubber-reinforced polymer of styrene comprising a polystyrene 

matrix having rubber of a shell/core type morphology is prepared using 
several plug-flow type reactors essentially as described in U.S. Pa tent 
No* 2,727,884» The- reactors are connected in series and each reactor is 
equipped with a variable speed* agitator and heating and cooling means. 

25 To the top of the first reactor is continuously added a solution 
comprising 10 percent of a block copolymer rubber of 30 percent 
polystyrene and 70 percent polybutadiene, 8 percent ethylbenzene, 1.6 
percent refined mineral oil, 0.02 percent of tertiary 
butylperoxybenzoate, a graft promoting initiator and the balance 

30 styrene. The polymerzation temperatures are controlled from 115 to 175 
OC and the conditions controlled such that at phase inversion, rubber 
particles of a shell/ core morphology having a desirably small particle 
size are formed. At the time of phase inversion, the rubbery component 
comprises more than 40 percent of polystyrene bound to the polybutadiene 

35 based on the total weight of the polymerized butadiene and the 
polystyrene chemically bound thereto. The polymerization is continued 
until 83 percent of the styrene is converted to polymer. The resulting 
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aixture is then discharged from the base of the last reactor and passed 
to a devolatilizer where the rubber is further cross-linked and the 
residual oonooer and ethylbenzene are reooved fron the polymerization 
aixture and recycled to Che polymerization process • This 
5 rubber-reinforced polystyrene is designated Sample No. 1 

A rubber-reinforced polystyrene product is prepared using the 
techniques described in preparing Sample No. 1 except thar 0.02 percent 
of a chain transfer agent is added to the stream when the amount of the 
styrene monomer converted to polymer is 36 percent. The resulting 
10 rubber-reinforced polystyrene product is designated Sample No. 2. 

Comparative Example A 

A polystyrene (having no rubber reinforcement) is prepared using 
the techniques described in Example No. 1 except that the initial feed 
15 stream contains no rubber. This "general purpose" polystyrene is 
designated Sample No. A. 

Comparative Example B 

A rubber*reinforeed polystyrene is prepared using the techniques 

20 described in Example No. 1 except that a homopolymer of 1,3-butadiene 
(Bumi^ 55 available from Bayer) is employed as the rubber and 0.05 
percent of the t ert- but ylperbenzoat e initiator are employed. 'The 
rubber-reinforced polystyrene product prepared, using these formulations 
is designated Sample No.. B. Due to the fact that there was no 

25 polymerized monovinylldene aromatic block in the original rubber and 
there was not sufficient grafting of the monovinylldene aromatic to the 
polymerized butadiene prior to phase inversion (i.e., the rubber 
component is composed of less than 30 percent of polymerized styrene 
chemically bound to the polybutadiene) , the rubber particles formed did 

30 sot exhibit a shell/core morphology. 

Comparative Example C 

A rubber-reinforced polystyrene is prepared using the techniques 
described in Example No. 1 except that the initial monomer /rubber 
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solution cpntalned 0.1 percent of a chain transfer agent and only 0.012 
percent of the tert-butylperoxybenzoate initiator which, at the other 
poly»eri«atlon conditions eaployed, did not give the desired rubbe- 
particle sire. Specifically, due to the presence of the chain transfer 
.gent m the feed, the vi«:oalty of the poly»eric phase at phase 
inversion was not sufficiently high to allow the formation of the 
desirably e»all rubber particles. The rubber-relnforced polystyrene thus 
prepared is designated Sample Ho. C. 

10 Conparaeive Example p 

A r«bb«:-relaforced .poly.tyr.ue l. prepared by the techniques of 

B.P. Application, Publication Ho. 0 069 792. th. rubb«-r.lnfore.d 
poly.tyr«i« product is dMignatad Sample Ho. D. 

The particle size and morphology of the disperse rubber phase, the 
Isod impact .trength, gloss, tensUe yield and elongation at break of 
th. thus prepared sample, are deterlned. The results are set forth in 
the aeeompaaying Table. 
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As evidenced by the data in the foregoing Table, the 
rubber-reinforced polystyrene products of the present invention wherein 
the disperse rubber particles have a volurc average particle size of 
from 0.1 to 0.25 microns and a shell/core morphology, exhibit an 
exceptional and unique balance of gloss and physical strength properties. 
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CLAIMS 

1. A rubber-reinforced polyner cooprislag a conclnuous phase of a 
polymer derived frov one or more polynerlsable oonovlnylldene aromatic 
coiopounds having discrete rubber particles dispersed throughout the 
polymer matrix, wherein the discrete rubber particles have a shell/core 

5 morphology and a volume average particle size from 0*1 to 0.25 microns. 

2. Ihe rubber-reinforced polymer of Claim 1 wherein the 
rubber*-reinforced polymer contains from 3 to 25 weight percent of 
polymerised alkadiene based on the total weight of the rubber<-reinforced 
polymer. 

10 3. the rubber-reinforced polymer of Claim 2 wherein the disperse 

rubber particles have a volume average particle size of from 0.1 to 0.2 
microns* 

4* The rubber*reinforced polymer of Claim 3 wherein the 
rubber*-reinforced polymer contains from 5 to 15 weight percent of 

15 polymerized alkadiene based on the total weight of the rubber-reinforced 
polymer and the disperse rubber particles have a volume average particle 
size of from 0.15 to 0.19 micron. 

5» A method for preparing the rubber-reinforced polymer product of 
Claim 1» the method comprising the steps of mass polymerizing a solution 

20 of one or more polymerlzable monovlnylldene aromatic compounds and a 
rubber at conditions such that upon the phase inversion of the mass 
polymerization mixture and the subsequent sizing of the rubber, the 
rubber is formed as particles of a shell/core morphology having a volume 
average particle size of from 0.1 to 0.25 micron, subsequently 

25 completing the polymerization, using either mass or suspension 
polymerization techniques and thereafter subjecting the polymerization 
mixture to conditions sufficient to remove the unreacted monomers and to 
cross-link the polymerized alkadiene of the shell/core rubber particles* 
6. The method of Claim 5 wherein at phase inversion, at least 30 

30 percent, by weight, of the total weight of the polymerized alkadiene and 
the polymerized monovlnylldene aromatic bound thereto is the polymerized 
monovinylidene aromatic bonded as blocks or graft to the alkadiene 
polymer. 
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7. The oethod of Claia 6 vherein the molecular weight of the 
oonovlnylidene arotDatlc polyiDer is adjusted by polynerizing the 
Donovlnylideae arotnatlc coiopound, prior to phase inversion, in the 
absence of a chain transfer agent other than an organic liquid, reaction 
diluent • 
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